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(57) ABSTRACT 

Method and composition for protecting tumorcidal lympho 
cytes including cytotoxic lymphocytes and NK cells from 
apoptosis and doWn regulation are provided. The method 
and composition include the administration of an effective 
amount of a PARP-l inhibitor to a population of cytotoxic 
T lymphocytes and NK cells in the presence of monocytes 
or macrophages. In some embodiments, the method and 
composition additionally include the administration of a 
reactive oxygen metabolite (ROM) production or release 
inhibitory compound. Methods of treating cancer, viral 
diseases, and in?ammatory diseases With a PARP-l inhibitor 
are likewise provided. 



Patent Application Publication Apr. 13, 2006 Sheet 1 0f 7 US 2006/0079510 A1 

Med Med Cat His DPI 

l + 

e _ _ - - _ 

r 0 0 0 0 0 0 

u 5 4 3 2 1. We “=8 2352i ..\.. 

Phagqcytes 



Patent Application Publication Apr. 13, 2006 Sheet 2 0f 7 US 2006/0079510 A1 

Figure 2 

Counts 

caspase-3 activation 



Patent Application Publication Apr. 13, 2006 Sheet 3 0f 7 US 2006/0079510 A1 

Figure 3 

Ph + PJ34 

mac-3U 

caspase-3 activation 



Patent Application Publication Apr. 13, 2006 Sheet 4 0f 7 US 2006/0079510 A1 

Figure 4A 7‘ 

H202 

H202 + PJ34 To-Pro-3 
H202 + Z-VAD 

Mitosensor monomers 

Figure 4B 

Mitosensor monomers 



Patent Application Publication Apr. 13, 2006 Sheet 5 0f 7 US 2006/0079510 A1 

Figure 5 

PJ34 Z-VAD Medium Medium 

_ _ _ . _ 0 o o 0 0 

4. 3 2 

m 5 

b 28 58%? Q0 
O— Med 

13- PJ34 

A— Z-vad 

0.00 0.25 0.50 0.75 1.00 

_ _ _ 0 0 o 
3 2 1 

a 28 5883 Q9 

0 

Phagocytes 

Medium Medium PJ34 Z-VAD 

_ _ 

5 0 5 0 

7 

O— Med 

5-- P334 

Arm Z-vad 

l 

200 

Ph / Ly ratio 

l 

100 

O2 conc (uM) 

0 

_ _ _ . 

5 0 5 0 

7 5 2 C m=wu 263094 Q0 

H202 



Patent Application Publication Apr. 13, 2006 Sheet 6 0f 7 US 2006/0079510 A1 

Figure 6 
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USE OF PARP-1 INHIBITORS FOR PROTECTING 
TUMORCIDAL LYMPHOCYTES FROM 

APOPTOSIS 

RELATED APPLICATIONS 

[0001] This application claims priority under 35 U.S.C. § 
119(e) to Us. Provisional Patent Application No. 60/614, 
841, ?led on Sep. 30, 2004, Which is hereby expressly 
incorporated by reference in its entirety. The present appli 
cation is related to Us. patent application Ser. No. 10/680, 
865, ?led on Oct. 7, 2003, Which is a Continuation-In-Part 
of Us. patent application Ser. No. 09/616,622, ?led Jul. 14, 
2000, noW abandoned, Which claims priority to Us. Provi 
sional Patent Application No. 60/144,394, ?led on Jul. 16, 
1999, all of Which are hereby expressly incorporated by 
reference in their entireties. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to compositions and 
methods for treating cancer and/or infectious disease. More 
particularly, the invention provides a method for inhibiting 
Poly(ADP-ribose) polymerase-1 (PARP-l) dependent cell 
death in tumorcidal lymphocytes and NK cells. 

[0004] 2. Description of the Related Art 

[0005] The immune system has evolved complex mecha 
nisms for recognizing and destroying foreign cells or organ 
isms present in the body of the host. Harnessing the body’s 
immune mechanisms is an attractive approach to achieving 
effective treatment of malignancies and viral infections. 

[0006] The immune system has tWo types of responses to 
foreign bodies based on the components Which mediate the 
response: a humoral response and a cell-mediated response. 
The humoral response is mediated by antibodies While the 
cell-mediated response involves cells classi?ed as lympho 
cytes. Recent anticancer and antiviral strategies have 
focused on utiliZing the cell-mediated host immune system 
as a means of anticancer or antiviral treatment or therapy. A 
brief revieW of the immune system Will assist in placing the 
teachings herein in context. 

Generation of an Immune Response 

[0007] The immune system functions in three phases to 
protect the host from foreign bodies: the cognitive phase, the 
activation phase, and the effector phase. In the cognitive 
phase, the immune system recogniZes and signals the pres 
ence of a foreign antigen or invader in the body. The foreign 
antigen can be, for example, a cell surface marker from a 
neoplastic cell or a viral protein. Once the system is aWare 
of an invading body, the cells of the immune system 
proliferate and differentiate in response to the invader 
triggered signals. The last stage is the effector stage in Which 
the effector cells of the immune system respond to and 
neutraliZe the detected invader. 

[0008] A Wide array of effector cells implement an 
immune response to an invader. One type of effector cell, the 
B cell, generates antibodies targeted against foreign antigens 
encountered by the host. In combination With the comple 
ment system, antibodies direct the destruction of cells or 
organisms bearing the targeted antigen. 
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[0009] Another type of effector cell is the cytotoxic lym 
phocyte. The natural killer cell (NK cell) is one type of 
cytotoxic lymphocyte, Which has the capacity to spontane 
ously recogniZe and destroy a variety of virus infected cells 
as Well as malignant cell types. The method used by NK 
cells to recogniZe target cells is poorly understood. 

[0010] Another type of cytotoxic lymphocyte is the T-cell. 
T-cells are divided into three subcategories, each playing a 
different role in the immune response. Helper T-cells secrete 
cytokines Which stimulate the proliferation of other cells 
necessary for mounting an effective immune response, While 
suppressor T-cells doWn regulate the immune response. A 
third category of T-cell, the cytotoxic T-cell (CTL), is 
capable of directly lysing a targeted cell presenting a foreign 
antigen on its surface. 

The Major Histocompatability Complex and T Cell Target 
Recognition 
[0011] T-cells are antigen speci?c immune cells that func 
tion in response to speci?c antigen signals. B lymphocytes 
and the antibodies they produce are also antigen-speci?c 
entities. HoWever, unlike B lymphocytes, T-cells do not 
respond to antigens in a free or soluble form. For a T-cell to 
respond to an antigen, it requires the antigen to be bound to 
a presenting complex knoWn as the major histocompatibility 
complex (MHC). 
[0012] MHC complex proteins provide the means by 
Which T-cells differentiate native or “self ’ cells from foreign 
cells. There are tWo types of MHC, class I MHC and class 
II MHC. T Helper cells (CD4+) predominately interact With 
class II MHC proteins While cytolytic T-cells (CD8+) pre 
dominately interact With class I MHC proteins. Both MHC 
complexes are transmembrane proteins With a majority of 
their structure on the external surface of the cell. Addition 
ally, both classes of MHC have a peptide binding cleft on 
their external portions. It is in this cleft that small fragments 
of proteins, native or foreign, are bound and presented to the 
extracellular environment. 

[0013] Cells called antigen presenting cells (APCs) dis 
play antigens to T-cells using the MHC complexes. For 
T-cells to recogniZe an antigen, it must be presented on the 
MHC complex for recognition. This requirement is called 
MHC restriction and it is the mechanism by Which T-cells 
differentiate “self ’ from “non-self” cells. If an antigen is not 
displayed by a recogniZable MHC complex, the T-cell Will 
not recogniZe and act on the antigen signal. 

[0014] T-cells speci?c for the peptide bound to a recog 
niZable MHC complex bind to these MHC-peptide com 
plexes and proceed to the next stage of the immune 
response. 

Cytokines Involved in Mediating the Immune Response 

[0015] The interplay betWeen the various effector cells 
listed above is in?uenced by the activities of a Wide variety 
of chemical factors Which serve to enhance or reduce the 
immune response as needed. Such chemical modulators may 
be produced by the effector cells themselves and may 
in?uence the activity of immune cells of the same or 
different type as the factor producing cell. 

[0016] One category of chemical mediators of the immune 
response is cytokines, molecules Which stimulate a prolif 
erative response in the cellular components of the immune 
system. 
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[0017] Interleukin-2 (IL-2) is a cytokine synthesized by 
T-cells Which Was ?rst identi?ed in conjunction With its role 
in the expansion of T-cells in response to an antigen (Smith, 
K. A. Science 240:1169 (1988)). It is Well knoWn that IL-2 
secretion is necessary for the full development of cytotoxic 
effector T-cells (CTLs), Which play an important role in the 
host defense against viruses. Several studies have also 
demonstrated that IL-2 has anti-tumor effects that make it an 
attractive agent for treating malignancies (see eg LotZe, M. 
T. et al, in “Interleukin 2”, ed. K. A. Smith, Academic Press, 
Inc., San Diego, Calif., p237 (1988); Rosenberg, S., Ann. 
Surgery 208:121 (1988)). In fact, IL-2 has been utiliZed to 
treat subjects suffering from malignant melanoma, renal cell 
carcinoma, and acute myelogenous leukemia. (Rosenberg, 
S. A., et al., N. Eng. J. Med. 316:889-897 (1978); BukoWski, 
R. M., et al., J. Clin. Oncol 7:477-485 (1989); Foa, R., et al., 
Br. J. Haematol. 77:491-496 (1990)). 

[0018] Another cytokine With promise as an anticancer 
and antiviral agent is interferon-0t. Interferon-0t (IFN-ot), an 
IFN type I cytokine, has been employed to treat leukemia, 
myeloma, and renal cell carcinomas. IFN type I cytokines 
have been shoWn to increase class I MHC molecule expres 
sion. Because most cytolytic T-cells (CTLs) recogniZe for 
eign antigens bound to class I MHC molecules, type I IFNs 
may boost the effector phase of cell-mediated immune 
responses by enhancing the ef?ciency of CTL-mediated 
killing. At the same time, type I IFN may inhibit the 
cognitive phase of immune responses, by preventing the 
activation of class II MHC-restricted helper T-cells. IL-12, 
IL-15, and various ?avonoids can also increase the T-cell 
response. 

In Vivo Results of Histamine Agonist Treatments 

[0019] Histamine is a biogenic amine, i.e. an amino acid 
that possesses biological activity mediated by pharmaco 
logical receptors after decarboxylation. The role of hista 
mine in immediate type hypersensitivity is Well established. 
(Plaut, M. and Lichtenstein, L. M. 1982 Histamine and 
immune responses. In Pharmacology ofHislamine Recep 
tors, Ganellin, C. R. and M. E. Parsons eds. John Wright & 
Sons, Bristol pp. 392-435.) 

[0020] Examinations of Whether H2-receptor agonists or 
antagonists can be applied to the treatment of cancer have 
yielded contradictory results. Some reports suggest that 
administration of histamine alone suppressed tumor groWth 
in hosts having a malignancy. (Burtin, Cancer Lett. 12:195 
(1981)). On the other hand, histamine has been reported to 
accelerate tumor groWth in rodents. (Nordlund, J. J ., et al., 
J. Invest. Dermatol 81:28 (1983)). 

[0021] Similarly, contradictory results Were obtained 
When the effects of histamine-receptor antagonists Were 
evaluated. Some studies report that histamine-receptor 
antagonists suppress tumor development in rodents and 
humans. (Osband, M. E., et al., Lancet 1 (8221):636 (1981)). 
Other studies report that such treatment enhances tumor 
groWth and may even induce tumors. (Barna, B. P., et al., 
Oncology 40:43 (1983)). 

Synergistic Effects of a H2-Receptor Agonist and IL-2 

[0022] Despite the con?icting results When histamine is 
administered alone, recent reports clearly reveal that hista 
mine acts synergistically With cytokines to augment the 
cytotoxicity of NK cells. For example, studies using hista 
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mine analogues suggest that histamine’s synergistic effects 
are exerted through the H2-receptors expressed on the cell 
surface of monocytes. (Hellstrand, K., et al., J. Immunol. 
137:656 (1986)). 

[0023] Histamine’s synergistic effect When combined With 
cytokines appears to result from the suppression of a doWn 
regulation of cytotoxicity mediated by other cell types 
present along With the cytotoxic cells. In vitro studies With 
NK cells alone con?rm that cytotoxicity is stimulated When 
IL-2 is administered. HoWever, in the presence of mono 
cytes, the IL-2 induced enhancement of cytotoxicity of NK 
cells is suppressed. (See, US. Pat. No. 5,348,739, Which is 
incorporated herein by reference). 

[0024] In the absence of monocytes, histamine had no 
effect or Weakly suppressed NK mediated cytotoxicity. 
(Hellstrand, K., et al., J. Immunol. 137:656 (1986); Hell 
strand, K. and Hermodsson, S., Int. Arch. Allergy Appl. 
Immunol. 92:379-389 (1990)). Yet, NK cells exposed to 
histamine and IL-2 in the presence of monocytes exhibit 
elevated levels of cytotoxicity relative to that obtained When 
NK cells are exposed only to IL-2 in the presence of 
monocytes. Id. Thus, the synergistic enhancement of NK 
cell cytotoxicity by combined histamine and interleukin-2 
treatment results not from the direct action of histamine on 
NK cells but rather from suppression of an inhibitory signal 
generated by monocytes. 

[0025] Granulocytes have also been shoWn to suppress 
IL-2 induced NK-cell cytotoxicity in vitro. It appears that 
the H2-receptor is involved in transducing histamine’s syn 
ergistic effects on overcoming granulocyte mediated sup 
pression. For example, the effect of histamine on granulo 
cyte mediated suppression of antibody dependent 
cytotoxicity of NK cells Was blocked by the H2-receptor 
antagonist ranitidine and mimicked by the H2-receptor ago 
nist dimaprit. In contrast to the complete or nearly complete 
abrogation of monocyte mediated NK cell suppression by 
histamine and IL-2, such treatment only partially removed 
granulocyte mediated NK cell suppression. (U .S. Pat. No. 
5,348,739; Hellstrand, K., et al., Histaminergic regulation of 
antibody dependent cellular cytotoxicity of granulocytes, 
monocytes and natural killer cells., J. Leukoc. Biol 55:392 
397 (1994)). 

[0026] As suggested by the experiments above, therapies 
employing histamine and cytokines are effective anticancer 
and antiviral strategies. US. Pat. No. 5,348,739 discloses 
that mice given histamine and IL-2 prior to inoculation With 
melanoma cell lines Were protected against the development 
of lung metastatic foci. It has also been shoWn that a single 
dose of histamine could prolong survival time in animals 
inoculated intravenously With herpes simplex virus (HSV), 
and a synergistic effect on the survival time of animals 
treated With a combination of histamine and IL-2 Was 
observed (Hellstrand, K., et al., Role of histamine in natural 
killer cell-dependent protection against herpes simplex virus 
type 2 infection in mice., Clin. Diagn. Lab. Immunol. 
2:277-280 (1995)). 

[0027] The above results demonstrate that strategies 
employing a combination of histamine and IL-2 are an 
effective means of treating malignancies and viral infection. 

[0028] Presently, the therapeutic potential of several 
immune cell stimulating compounds that shoW promise as 
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efficacious anticancer and antiviral agents is diminished due 
to negatively regulating systems of the immune system. 
Accordingly, there is a need for methods Which maximize 
the therapeutic potential of immune cell stimulating com 
pounds 

SUMMARY OF THE INVENTION 

[0029] The disclosed invention relates to a method of 
protecting cytotoxic T lymphocytes and NK cells in a 
subject, for the treatment of tumors, viral diseases or in?am 
matory diseases. Advantageously, the method includes iden 
tifying a subject in need of cytotoxic T lymphocyte and NK 
cell protection, administering to the subject an effective 
amount of a PARP-l inhibitor effective to protect cytotoxic 
T lymphocytes and NK cells in the presence of monocytes 
or macrophages, and optionally administering an effective 
amount of an ROM production or release inhibitory com 
pound. 

[0030] In one aspect of the invention, the PARP-l inhibi 
tor can be 3-aminobenZamide; 4-amino-1,8-naphthalimide; 
1,5-isoquinolinediol; 6(5H)-phenanthidone; l,3,4,5,-tet 
rahydrobenZo(c)(l,6)- and (c)(l,7)-naphthyridin-6-ones; 
adenosine substituted 2,3-dihydro-lH-isoindol-l-ones; 
AGl 4361 ; 2-(4 -chlorphenyl)-5 -quinoxalinecarboxamide; 
5-chloro-2-[3-(4-phenyl-3,6-dihydro-l (2H)-pyridinyl)pro 
pyl]-4(3H)-quinaZolinone; isoindolinone derivative 
INO-l00l; 4-hydroxyquinaZoline; 2-[3-[4-(4-chlorophe 
nyl)- l -piperaZinyl]propyl]-4-3(4) -quinaZolinone; DHIQ; 
3 ,4-dihydro-5 [4-(1-piperidinyl)(butoxy)-l(2H)-isoqui 
nolone; CEP-6800; GB-l5427; P134; DPQ; or imidaZoben 
ZodiaZepines. Advantageously, the effective amount of the 
PARP-l inhibitor is betWeen about 10 and 500 mg/day. 
Alternatively, the effective amount of the PARP-l inhibitor 
can be betWeen about 100 and 250 mg/day. 

[0031] In another aspect of the invention, the ROM pro 
duction or release inhibitory compound can include hista 
mine, histamine dihydrochloride, histamine phosphate, 
other histamine salts, histamine esters, histamine prodrugs, 
histamine receptor agonists, serotonin, dimaprit, clonidine, 
tolaZoline, impromadine, 4-methylhistamine, betaZole, 5HT 
agonists, a histamine congener, or an endogenous histamine 
releasing compound. Optionally, NK cell and T cell protec 
tion can be achieved by co-administering an effective 
amount of a cytotoxic lymphocyte stimulatory composition 
to the subject. The cytotoxic lymphocyte stimulatory com 
position can include a vaccine adjuvant, a vaccine, a peptide, 
a cytokine such as IL-l, IL-2, IL-l2, IL-l5, IFN-ot, IFN-B, 
and IFN-y, or a ?avonoid such as ?avone acetic acids and 
xanthenone-4-acetic acids. 

[0032] In still another aspect of the invention, the cyto 
toxic lymphocyte stimulatory composition can be adminis 
tered in a daily dose of betWeen 1,000 and 600,000 U/kg. 
The effective amount of ROM production or release inhibi 
tory compound can be betWeen 0.05 and 50 mg per dose. 
Advantageously, the ROM production or release inhibitory 
compound is between 1 and 500 ug/kg of patient Weight per 
dose. 

[0033] In another aspect of the invention, the PARP-l 
inhibitor and the ROM production or release inhibitory 
compound are administered separately. The administration 
of the PARP-l inhibitor and the ROM production or release 
inhibitory compound can be performed Within 24 hours. 

Apr. 13, 2006 

Optionally, the method can include administering an effec 
tive amount of a ROM scavenger such as catalase, glu 
tathione peroxidase, vitamin E, vitamin A, vitamin C, SOD, 
SOD mimetics, or ascorbate peroxidase. The ROM scaven 
ger can be administered in a dose of from about 0.05 to about 
50 mg/day. 

[0034] In yet another aspect of the invention, the method 
of protecting NK cells and T cells includes the administra 
tion of a chemotherapeutic agent such as an anticancer agent 
like cyclophosphamide, chlorambucil, melphalan, estramus 
tine, iphosphamide, prednimustin, busulphan, tiottepa, car 
mustin, lomustine, methotrexate, aZathioprine, mercaptopu 
rine, thioguanine, cytarabine, ?uorouracil, vinblastine, 
vincristine, vindesine, etoposide, teniposide, dactinomucin, 
doxorubin, dunorubicine, epirubicine, bleomycin, nitomy 
cin, cisplatin, carboplatin, procarbaZine, amacrine, mitox 
antron, tamoxifen, nilutamid, or aminoglutemide. Advanta 
geously, the PARP-l inhibitor and chemotherapeutic agent 
are administered concomitantly. In some embodiments, the 
PARP-l inhibitor, ROM production or release inhibitory 
compound and chemotherapeutic agent are administered 
concomitantly. 

[0035] A composition to protect cytotoxic T lymphocytes 
and NK cells in a subject, for the treatment of tumors, viral 
diseases or in?ammatory diseases is likeWise provided. The 
composition can include an effective amount of a PARP-l 
inhibitor and an effective amount of an ROM production and 
release inhibitory compound in a pharmaceutically accept 
able carrier. The PARP-l inhibitor can include 3-aminoben 
Zamide; 4-amino-1,8-naphthalimide; 1,5-isoquinolinediol; 
6(5H)-phenanthidone; l,3,4,5,-tetrahydrobenZo(c)(l ,6)- and 
(c)(l,7)-naphthyridin-6-ones; adenosine substituted 2,3-di 
hydro-lH-isoindol-l-ones; AGl436l; 2-(4-chlorphenyl)-5 
quinoxalinecarboxamide; 5-chloro-2-[3-(4-phenyl-3,6-dihy 
dro-[(2H)-pyridinyl) propyl]-4(3H)-quinaZolinone; 
isoindolinone derivative INO-l00l; 4-hydroxyquinaZoline; 
2-[3-[4-(4 -chlorophenyl)-l -piperaZinyl]propyl]-4-3 (4) 
quinaZolinone; DHIQ; 3,4-dihydro-5[4-(l-piperidinyl)(bu 
toxy)-l(2H)-isoquinolone; CEP-6800; GB-l5427; P134; 
DPQ; or imidaZobenZodiaZepines. 

[0036] In one aspect of the invention, the composition can 
further include a cytotoxic lymphocyte stimulatory com 
pound such as a vaccine adjuvant, a vaccine, a peptide, a 
cytokine like IL-l, IL-2, IL-l2, IL-l5, IFN-ot, IFN-B, or 
IFN-y, or a ?avonoid like ?avone acetic acids and xan 
thenone-4-acetic acids. Advantageously, the ROM produc 
tion and release inhibitory compound can include histamine, 
histamine dihydrochloride, histamine phosphate, other his 
tamine salts, histamine esters, histamine prodrugs, histamine 
receptor agonists, serotonin, dimaprit, clonidine, tolaZoline, 
impromadine, 4-methylhistamine, betaZole, 5HT agonists, a 
histamine congener, or an endogenous histamine releasing 
compound. Optionally, the composition includes a chemo 
therapeutic agent such as cyclophosphamide, chlorambucil, 
melphalan, estramustine, iphosphamide, prednimustin, 
busulphan, tiottepa, carmustin, lomustine, methotrexate, 
aZathioprine, mercaptopurine, thioguanine, cytarabine, ?uo 
rouracil, vinblastine, vincristine, vindesine, etoposide, teni 
poside, dactinomucin, doxorubin, dunorubicine, epirubicine, 
bleomycin, nitomycin, cisplatin, carboplatin, procarbaZine, 
amacrine, mitoxantron, tamoxifen, nilutamid, or aminoglu 
temide. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] FIG. 1 is a bar graph depicting percent apoptosis of 
lymphocytes incubated With autologous mononuclear 
phagocytes in the presence or absence of catalase, histamine 
or DPI. 

[0038] FIG. 2 is a histogram shoWing caspase-3 activation 
of lymphocytes incubated With mononuclear phagocytes or 
H202 and stained With FITC-labeled caspase inhibitor, 
FAM-VAD.fmk. 

[0039] FIG. 3 is a histogram shoWing caspase-3 activation 
of lymphocytes incubated With phagocytes or H2O2 in the 
presence or absence of PH34 or untreated control cells and 
stained With FITC-labeled caspase inhibitor, FAM-VAD 
.fmk. 

[0040] FIG. 4A shoWs ?uorescence intensity of To-Pro-3 
and mitosensor monomers of lymphocytes treated With 
H2O2 alone or in the presence of P134 or Z-VAD.fmk at 
various time points. FIG. 4B shoWs ?uorescence intensity of 
To-Pro-3 and mitosensor monomers of lymphocytes treated 
With mononuclear phagocytes alone or in the presence of 
P134 or Z-VAD.fmk as compared to untreated control cells. 

[0041] FIGS. 5A and 5C are line graphs and FIGS. 5B 
and 5D are bar graphs depicting percent apoptosis of 
lymphocytes pretreated With PARP-1 inhibitors, P134 or 
Z-VAD.fmk and subjected to mononuclear phagocytes or 
H2O2 as compared to untreated control cells. 

[0042] FIG. 6 is a Western blot shoWing nuclear AIF of 
H2O2-treated lymphocytes compared to untreated control 
cells. 

[0043] FIG. 7 is an agarose gel shoWing accumulation of 
nuclear AIF of lymphocytes treated With H2O2 in the pres 
ence or absence of Z-VAD.fmk compared to untreated 
control cells. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0044] The teachings herein relate to methods of treating 
conditions such as cancer, viral diseases, and in?ammatory 
diseases by administering a Poly(ADP-ribose) polymerase-1 
(PARP-1)-inhibitor alone or in combination With a reactive 
oxygen metabolite (ROM)-inhibitory compound and/or 
additional therapeutic agents. An ROM inhibitory com 
pound is any compound or composition that inhibits the 
production and/or release of ROM. The administration of 
these various agents results in the activation and protection 
of cytotoxic lymphocytes from the deleterious and inhibitory 
effects of monocytes/macrophages, the inhibition of Poly 
(ADP-ribose) polymerase-1 (PARP-1), and the subsequent 
stimulation of the anti-cancer and anti-viral properties of 
cytotoxic lymphocytes. 
[0045] Overactivation of the nuclear enZyme poly(ADP 
ribose) polymerase I (PARP-1) has recently been identi?ed 
as an alternative route to the triggering of cell death. PARP-1 
is an enZyme Which functions as a DNA damage sensor and 
signaling molecule, binding to both single- and double 
stranded DNA breaks. Upon binding to damaged DNA, 
PARP-1 forms homodimers and catalyZes the cleavage of 
NAD+. Reactive oxygen metabolites (ROMs) are potent 
inducers of DNA strand breakage both in vitro and in vivo. 
Boulares, A. H. et al. American Journal ofRespiraZory Cell 
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and Molecular Biology, 28: 322-329 (2003). The resulting 
DNA strand breaks trigger the activation of PARP-1, the 
activity of Which is dependent upon binding of the enZyme 
to the ends of the broken DNA molecules. Althaus, F. R., et 
al. Mol. Cell. Biochem. 193:5-11(1999). PARP-1 catalyZes 
the covalent attachment of long branched chains of poly 
(ADP-ribose) (PAR), With nicotinamide adenine dinucle 
otide as its substrate, to a variety of nuclear DNA-binding 
proteins. Such poly(ADP-ribosyl)ation contributes to vari 
ous physiologic and pathophysiologic events that are asso 
ciated With DNA strand breakage, including DNA replica 
tion, repair of DNA damage, gene expression, and apoptosis. 
See Boulares, H., et al. J. Biol. Chem. 274:22932-22940 
(1999); Ding, R. et al., J. Biol. Chem. 267: 12804-12812 
(1992); and Boulares, H. et al. J. Biol. Chem. 276:38185 
38192 (2001). 

[0046] A signi?cant part of the dysfunction of tumor 
killing lymphocytes at the site of malignant tumor groWth 
has been attributed to inhibitory signals from tumor-in?l 
trating or tumor adjacent phagocytes. The phagocytes pro 
duce and secrete reactive oxygen species via a membrane 
NADPH oxidase. The phagocyte-derived free radicals have 
been shoWn to trigger dysfunction and apoptosis in tumori 
cidal or cytotoxic lymphocytes, including NK cells and 
cytotoxic T-cells. Cytotoxic lymphocytes are lymphocyte 
that possess cytotoxic capabilities such as NK-cells and 
cytotoxic T-cells (CTLs). The term cytotoxic lymphocytes 
also encompasses non-cytotoxic cells such as T-helper cells 
that assist in the activation of a lymphocyte With cytotoxic 
capabilities. The molecular events underlying phagocyte 
derived lymphocyte apoptosis are not fully understood. 

[0047] PARP-1 plays profound roles in diverse cellular 
processes including cell death, DNA repair, and gene expres 
sion, and has therefore been an interesting target for phar 
macological inhibition in various diseases, such as ischemia, 
cancer and in?ammatory pathologies. Tentori, L., et al., 
(2002) Pharmacological Research 45, 73-85. In cancer, the 
role of PARP in DNA repair has been exploited as a potential 
target to increase the efficacy of chemotherapy and radio 
therapy. The rationale for this use is that pharmacological 
inhibition of PARP could incapacitate the DNA repair sys 
tems in tumor cells and thus render them sensitive to the 
DNA-damaging effect of chemotherapy and radiotherapy. 
Tentori, L., GraZiani, G. (2005) Pharmacological Research 
52, 25-33. 

[0048] The present invention is based, in part, on the 
surprising and unexpected discovery that inhibitors of 
PARP-1 act to reduce the incidence of lymphocyte apoptosis 
and increase the anti-viral and anti-cancer activities of 
NK-cells and CTLs. That PARP inhibitors can protect lym 
phocytes from phagocyte-induced cell death suggests an 
additional role for PARP inhibitors in malignant diseases. 
PARP inhibitors could also protect pivotal anti-neoplastic 
lymphocytes and make them more responsive to immuno 
therapy. Suitable PARP-1 inhibitors include, Without limi 
tation, 3-aminobenZamide; 4-amino-1,8-naphthalimide; 1,5 
isoquinolinediol; 6(5 H) -phenanthidone; 1,3 ,4, 5, - 
tetrahydrobenZo(c)(1,6)- and (c)(1,7)-naphthyridin-6-ones; 
adenosine substituted 2,3-dihydro-1H-isoindol-1-ones; 
AG143 61 ; 2-(4 -chlorphenyl)-5-quinoxalinecarboxamide; 
5-chloro-2-[3-(4-phenyl-3,6-dihydro-[(2H)-pyridinyl) pro 
pyl]-4(3H)-quinaZolinone; isoindolinone derivative 
INO-1001; 4-hydroxyquinaZoline; 2-[3-[4-(4-chlorophe 
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nyl)-1-piperazinyl]propyl]-4-3(4)-quinazolinone; DHIQ; 
3 ,4-dihydro-5[4-(1 -piperidinyl) (butoxy)-1 (2H) -isoqui 
nolone; CEP-6800; GB-15427; P134; DPQ; and imida 
zobenzodiazepines. 

[0049] In addition, aspects of the invention relate to the 
administration of a ROM inhibitory compound With a 
PARP-l inhibitor. The terms “reactive oxygen metabolite 
inhibitors” and “ROM inhibitory compounds” have broad 
meanings and encompass a number of disparate compounds. 
NADPH inhibitors, HZ-receptor agonists, and other com 
pounds With H2-receptor agonist activity, suitable for use in 
the teachings herein, are knoWn in the art. Examples of 
suitable compounds include diphenyliodonium (DPI), his 
tamine, histamine diphosphate, histamine dihydrochloride, 
and compounds With a chemical structure resembling that of 
histamine or serotonin, yet do not negatively affect H2-re 
ceptor activities. Suitable compounds include, but are not 
limited to, DPI, histamine, dimaprit, clonidine, tolazoline, 
impromadine, 4-methylhistamine, betazole, histamine con 
geners, H2-receptor agonists, 8-OH-DPAT, ALK-3, BMY 
7378, NAN 190, lisuride, d-LSD, ?esoxinan, DHE, MDL 
72832, 5-CT, DP-S-CT, ipsapirone, WB 4101, ergotamine, 
buspirone, metergoline, spiroxatrinei, PAPP, SDZ (—) 21009, 
and butotenine. 

[0050] In some embodiments, another therapeutic agent 
such as a vaccine composition is likeWise administered With 
a PARP-l inhibitor, resulting in an increase in lymphocyte 
proliferation in the presence of monocytes. The addition of 
other agents that are cytotoxic lymphocyte activation com 
pounds is also contemplated. Cytotoxic lymphocyte activa 
tion compounds, including those that have an immunologi 
cal stimulatory character, preferably function in a synergistic 
fashion With a ROM inhibitory compound. Representatives 
of such immunological stimulatory compounds include, 
Without limitation, cytokines, peptides, ?avonoids, antigens 
generally, vaccines, and vaccine adjuvants. Additional 
classes of agents usable With the methods disclosed herein 
encompass chemotherapeutic and/or antiviral agents. These 
methods are useful for treating neoplastic as Well as viral 
disease. 

[0051] In contemplating the treatment of individuals suf 
fering from various neoplastic and viral diseases, the teach 
ings herein seek to stimulate and enhance cell-mediated 
immunity through the inhibition of PARP-l. Cell-mediated 
immunity (CMI) comprises the cytotoxic lymphocyte-me 
diated immune response to a “foreign agent.” The CMI 
response differs from the antibody-mediated humoral immu 
nity in that the active agent in CMI is a cytotoxic lympho 
cyte rather than an antibody protein. 

[0052] Cell-mediated immunity (CMI) operates With cyto 
toxic lymphocytes such as NK-cells and/or T-cells (CTLs) 
recognizing and destroying cells displaying “foreign” anti 
gens on their surface. In the teachings herein, a foreign agent 
can be a neoplastic cell or a cell infected With a virus. As 
such, CMI functions to eliminate foreign cells from the 
body. For example, CMI Would target cells infected With a 
virus, rather than to prevent the infection of the cell. Cell 
mediated immunity, unlike humoral immunity Which can be 
effective to prevent viral infection, remains the principal 
mechanism of defense against established viral infections. It 
is also pivotal in combating neoplastic disease. Therefore, 
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the cytotoxic lymphocyte activity enhancing aspects of the 
teachings herein are uniquely suited to combat neoplastic 
and viral diseases. 

[0053] As discussed above, the immune system contains a 
number of different cell types, each of Which serve to protect 
the body from foreign invasion. Certain cells of the immune 
system produce ROM such as hydrogen peroxide, hypoha 
lous acids, and hydroxyl radicals to achieve this goal. T-cells 
are considered important effector cells responsible for the 
anti-tumor properties of various cytokines such as IFN-ot 
and IL-2, observed in experimental tumor models and in 
human neoplastic disease. (Sabzevari, H., et al., Cancer Res. 
53: 4933-4937, (1993); Hakansson, A., et al., Br. J. Cancer, 
74: 670-676, (1996); Wersall and Mellstedt, Med. Oncol., 
12: 69-77, (1995)). The teachings herein relate, in part, to 
methods Where compounds Which inhibit PARP-l activity 
are used alone or in conjunction With an ROM inhibitory 
compound and/or one or more T-cell activation compounds 
to activate or stimulate T-cells. The teachings herein, Which 
describe the administration of at least one PARP-l inhibitor 
and, optionally, an ROM inhibitory compound, T-cell acti 
vating compound, and/or anti-cancer and anti-viral com 
pound, provide methods to treat neoplastic disorders as Well 
as viral infections by increasing the number and speci?c 
activity of T-cells. In a preferred embodiment, the increase 
in the number and speci?c activity of T-cells is accom 
plished by inhibiting PARP-l, thereby reducing the damage 
to and doWn regulation of T cells and NK cells associated 
With apoptosis. 

[0054] Anumber of cytotoxic lymphocyte activation com 
pounds are knoWn in the art to activate and stimulate 
cytotoxic lymphocyte activity. The dosing, routes of admin 
istration and protocols for the use and administration of 
these materials can be the conventional ones, Well knoWn in 
the art. Generally, interleukins, cytokines and ?avonoids 
have been shoWn to stimulate cytotoxic lymphocyte activity. 
Examples of suitable compounds are selected from the 
group consisting of IL-1, IL-2, IL-12, IL-15, IFN-ot, IFN-B, 
IFN-y and ?avone acetic acid, xanthenone-4-acetic acid, and 
analogues or derivatives thereof. 

[0055] Certain vaccines and vaccine adjuvants can also be 
considered cytotoxic lymphocyte activating compounds. 
Compounds contemplated here include a number of vac 
cines and vaccine adjuvants that assist administered antigens 
to induce rapid, potent, and long-lasting cytotoxic lympho 
cyte-mediated immune responses, from immunized or vac 
cinated individuals. Illustrative vaccines include in?uenza 
vaccines, human immunode?ciency virus vaccines, Salmo 
nella enlerilidis vaccines, hepatitis B vaccines, Borelella 
bronchiseplica vaccines, and tuberculosis vaccines, as Well 
as various anticancer therapeutic vaccines such as allogeneic 
cancer and autologous cancer vaccines Which are knoWn in 
the art. 

[0056] One aspect of the teachings herein is directed 
toWard the use of a variety of vaccine adjuvants. Such agents 
including bacillus Calmette-Guerin (BCG), pertussis toxin 
(PT), cholera toxin (CT), E. coli heat-labile toxin (LT), 
mycobacterial 71-kDa cell Wall associated protein, the vac 
cine adjuvant oil-in-Water microemulsion MF59, micropar 
ticles prepared from the biodegradable polymers poly(lac 
tide-co-glycolides) (PLG), immune stimulating complexes 
(iscoms) Which are 30-40 nm cage-like structures, (Which 
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consist of glycoside molecules of the adjuvant Quil A, 
cholesterol and phospholipids in Which antigen can be 
integrated), as Well as other suitable compounds and com 
positions knoWn in the art. Such compounds can be admin 
istered in amounts su?icient to elicit an effective immune 
response from an immunized individual. 

[0057] The teachings herein contemplate and disclose a 
number of different cytotoxic lymphocyte activating com 
pounds. These compounds can be used to form cytotoxic 
lymphocyte activating compositions that can be adminis 
tered as a step of the methods herein to achieve the activa 
tion of a patient’s cytotoxic lymphocytes. The teachings 
herein contemplate the use of the terms “cytotoxic lympho 
cyte activating compoun ” and “cytotoxic lymphocyte acti 
vation compositions” interchangeably. The dosing, routes of 
administration and protocols for the use and administration 
of these materials can be the conventional ones, Well knoWn 
in the art. 

[0058] A variety of ROM scavengers, including hydrogen 
peroxide (H202) scavengers effective to catalyZe the decom 
position of intercellular H2O2, are also knoWn in the art. 
Suitable compounds include, but are not limited to, catalase, 
glutathione peroxidase, vitamin E, vitamin A, vitamin C, 
SOD, SOD mimetics, ascorbate peroxidase, and the like. 

[0059] Administration of the compounds discussed above 
can be practiced in vitro or in vivo. When practiced in vitro, 
any sterile, non-toxic route of administration can be used. 
When practiced in vivo, administration of the compounds 
discussed above can be achieved advantageously by subcu 
taneous, intravenous, intramuscular, intraocular, oral, trans 
mucosal, or transdermal routes, for example by injection or 
by means of a controlled release mechanism. Examples of 
controlled release mechanisms include polymers, gels, 
microspheres, liposomes, tablets, capsules, suppositories, 
pumps, syringes, ocular inserts, transdermal formulations, 
lotions, creams, transnasal sprays, hydrophilic gums, micro 
capsules, inhalants, and colloidal drug delivery systems. 

[0060] The compounds are administered in a pharmaceu 
tically acceptable form and in substantially non-toxic quan 
tities. A variety of forms of the compounds administered are 
contemplated by the teachings herein. The compounds can 
be administered in Water With or Without a surfactant such as 
hydroxypropyl cellulose. Dispersions are also contemplated, 
such as those utiliZing glycerol, liquid polyethylene glycols, 
and oils. Antimicrobial compounds can also be added to the 
preparations. Injectable preparations can include sterile 
aqueous solutions or dispersions and poWders Which can be 
diluted or suspended in a sterile environment prior to use. 
Carriers such as solvents or dispersion media contain Water, 
ethanol polyols, vegetable oils and the like can also be added 
to the compounds provided herein. Coatings such as leci 
thins and surfactants can be used to maintain the proper 
?uidity of the composition. Isotonic agents, such as sugars 
or sodium chloride, can be added, as Well as products 
intended to delay absorption of the active compounds such 
as aluminum monostearate and gelatin. Sterile injectable 
solutions are prepared according to methods Well knoWn to 
those of skill in the art and can be ?ltered prior to storage 
and/or use. Sterile poWders can be vacuum or freeZe dried 
from a solution or suspension. Sustained-release prepara 
tions and formulations are also contemplated by the teach 
ings herein. Any material used in the compositions described 
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herein should be pharmaceutically acceptable and substan 
tially non-toxic in the amounts employed. 

[0061] Although, in some of the examples that folloW the 
compounds are used at a single concentration, it should be 
understood that in the clinical setting, the compounds can be 
administered in multiple doses over prolonged periods of 
time. Typically, the compounds can be administered for 
periods up to about one Week, and even for extended periods 
longer than one month or one year. In some instances, 
administration of the compounds can be discontinued and 
then resumed at a later time. A daily dose of the compounds 
can be administered in several doses, or it can be given as 
a single dose. Preferably, the amount of PARP-l inhibitor 
administered is betWeen about 10-500 mg/day. HoWever, in 
each case, the dose depends on the activity of the adminis 
tered compound. Appropriate doses for any particular host 
can be readily determined by empirical techniques Well 
knoWn to those of ordinary skill in the art. 

[0062] In addition, the compounds can be administered 
separately or as a single composition (combined). If admin 
istered separately, the compounds should be given in a 
temporally proximate manner such that the activation of 
cytotoxic lymphocytes by the cytokine or other compound is 
enhanced. More particularly, the compounds can be given 
Within one to tWenty-four hours of each other. The admin 
istration can be by either local or by systemic injection or 
infusion. Other methods of administration can also be suit 
able. 

[0063] The teachings herein also contemplate combina 
tions of at least one PARP-l inhibitor With cytotoxic lym 
phocyte activation compounds, and/or an ROM production 
or release inhibiting compounds and ROM scavenging com 
pounds, anticancer compounds, and combinations of anti 
viral compounds. The doses, routes of administration, and 
protocols for the use and administration of these materials 
can be the conventional ones, Well knoWn in the art. For 
example, in one embodiment, IL-2 and IL-l2 are combined 
With a PARP-l inhibitor to activate a population of cytotoxic 
lymphocytes. In an alternative embodiment, a vaccine or an 
adjuvant in concert With a PARP-l inhibitor could be used 
to activate a population of T-cells. In another embodiment, 
a PARP-l inhibitor is combined With histamine to inhibit the 
production or release of ROM from monocytes during a 
treatment regime. Combinations of other compounds, 
including ROM scavengers such as catalase, glutathione 
peroxidase, vitamin E, vitamin A, vitamin C, SOD, SOD 
mimetics, and ascorbate peroxidase, for example, are also 
contemplated. The teachings herein further contemplate 
using combinations of all of the various compounds dis 
cussed above to stimulate cytotoxic lymphocytes against 
neoplastic and/or viral disease. 

[0064] All compound preparations are provided in dosage 
unit forms for uniform dosage and ease of administration. 
Each dosage unit form contains a predetermined quantity of 
active ingredient calculated to produce a desired effect in 
association With an amount of pharmaceutically acceptable 
carrier. Such a dosage Would therefore de?ne an effective 
amount of a particular compound. 

[0065] A preferred compound dosage range can be deter 
mined using techniques knoWn to those having ordinary skill 
in the art. IL-2, IL-l2 or IL-l5 can be administered in an 
amount of from about 1,000 to about 600,000 U/kg/day (l8 
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MIU/mZ/day or 1 mg/m2/ day); more preferably, the amount 
is from about 3,000 to about 200,000 U/kg/day, and even 
more preferably, the amount is from about 5,000 to about 
10,000 U/kg/day. 

[0066] IFN-ot, IFN-B, and IFN-y can also be administered 
in an amount of from about 1,000 to about 600,000 U/kg/ 
day; more preferably, the amount is from about 3,000 to 
about 200,000 U/kg/day, and even more preferably, the 
amount is from about 10,000 to about 100,000 U/kg/day. 

[0067] Flavonoid compounds can be administered in an 
amount of from about 1 to about 100,000 mg/day; more 
preferable, the amount is from about 5 to about 10,000 
mg/day, and even more preferably, the amount is from about 
50 to about 1,000 mg/day. 

[0068] Commonly used doses for the compounds 
described herein fall Within the ranges listed herein. For 
example, IL-2 is commonly used alone in doses of about 
300,000 U/kg/day. IFN-ot is commonly used at 45,000 
U/kg/day. IL-12 has been used in clinical trials at doses of 
0.5-1.5 ug/kg/day. MotZer, et al., Clin. Cancer Res. 
4(5):1183-1191 (1998). IL-1 beta has been used at 0.005 to 
0.2 ug/kg/day in cancer patients. TrioZZi, et al., J. Clin. 
Oncol. 13(2):482-489 (1995). IL-15 has been used in rates 
in doses of 25-400 ug/kg/day. Cao, et al., Cancer Res 
58(8):1695-1699 (1998). 
[0069] Vaccines and vaccine adjuvants can be adminis 
tered in amounts appropriate to those individual compounds 
to activate cytotoxic lymphocytes. Appropriate doses for 
each can readily be determined by techniques Well knoWn to 
those of ordinary skill in the art. Such a determination Will 
be based, in part, on the tolerability and ef?cacy of a 
particular dose using techniques similar to those used to 
determine proper chemotherapeutic doses. 

[0070] Compounds effective to inhibit the release or for 
mation of intercellular hydrogen peroxide, or scavengers of 
hydrogen peroxide, can be administered in an effective 
amount from about 0.05 to about 10 mg/day; more prefer 
able, the amount is from about 0.1 to about 8 mg/day, and 
even more preferably, the amount is from about 0.5 to about 
5 mg/day. Alternatively, these compounds can be adminis 
tered from 1 to 100 micrograms per kilogram of patient body 
Weight (1 to 100 ug/kg). HoWever, in each case, the dose 
depends on the activity of the administered compound. The 
foregoing doses are appropriate and effective for inhibitors 
such as DPI, histamine, HZ-receptor agonists, other inter 
cellular ROM production or release inhibitors or ROM 
scavengers. Appropriate doses for any particular host can be 
readily determined by empirical techniques Well knoWn to 
those of ordinary skill in the art. 

[0071] In one embodiment, the teachings herein contem 
plate identifying a patient in need of enhanced cytotoxic 
lymphocyte activity and increasing that patient’s circulating 
blood ROM inhibitory compound concentration to an opti 
mum, bene?cial, therapeutic level so as to provide for more 
ef?cient cytotoxic lymphocyte stimulation. Such a level can 
be achieved through repeated injections of the compounds 
described herein in the course of a day, during a period of 
treatment. 

[0072] In another embodiment, the PARP-l inhibitor With 
or Without an ROM inhibitory compound is administered 
over a treatment period of 1 to 4 Weeks With injections 
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occurring as frequently as several times daily, over a period 
of up to 52 Weeks. In one embodiment, the PARP-l inhibi 
tory compound can be administered for 9 days. In still 
another embodiment, the PARP-l inhibitory compound is 
administered for a period of 1-2 Weeks, With multiple 
injections occurring as frequently as several times daily. 
This administration can be repeated every feW Weeks over a 
time period of up to 52 Weeks, or longer. Additionally, the 
frequency of administration can be varied depending on the 
patient’s tolerance of the treatment and the success of the 
treatment. For example, the administrations can occur three 
times per Week, or even daily, for a period of up to 24 
months. When an individual is administered an ROM inhibi 
tory compound in conjunction With a PARP-l inhibitor, the 
ROM inhibitory compound can likeWise be administered 
over a treatment period of 1 to 4 Weeks With injections 
occurring as frequently as several times daily, over a period 
of up to 52 Weeks. In one embodiment, the PARP-l inhibi 
tory compound can be administered for 9 days. In still 
another embodiment, the PARP-l inhibitory compound is 
administered for a period of 1-2 Weeks, With multiple 
injections occurring as frequently as several times daily. 
This administration can be repeated every feW Weeks over a 
time period of up to 52 Weeks, or longer. Additionally, the 
frequency of administration can be varied depending on the 
patient’s tolerance of the treatment and the success of the 
treatment. For example, the administrations can occur three 
times per Week, or even daily, for a period of up to 24 
months. Preferably, the patient is administered an ROM 
inhibitory compound over a period of time betWeen about 
one minute and thirty minutes. 

[0073] Further embodiments contemplate utility With 
respect to the treatment of various cancers or neoplastic 
diseases by administering a PARP-l inhibitor to protect 
lymphocytes from ROM-mediated doWn regulation. Malig 
nancies against Which the teachings herein can be directed 
include, but are not limited to, primary and metastatic 
malignant tumor disease, hematological malignancies such 
as acute and chronic myelogenous leukemia, acute and 
chronic lymphatic leukemia, multiple myeloma, Walden 
stroms Macroglobulinemia, hairy cell leukemia, myelodys 
plastic syndrome, polycytaemia vera, and essential throm 
bocytosis. In more speci?c embodiments, an ROM 
production or release inhibitor is administered With a 
PARP-l inhibitor to a subject, in order to inhibit the groWth 
of a tumor. 

[0074] The methods described herein can also be utiliZed 
alone or in combination With other anticancer therapies. 
When used in combination With a chemotherapeutic regime, 
a PARP-l inhibitor (With or Without a ROM inhibitory 
compound and/or a cytotoxic lymphocyte activating com 
pound) is administered With a chemotherapeutic agent or 
agents. The doses, routes of administration and protocols for 
the use and administration of these materials can be the 
conventional ones, Well knoWn in the art. Representative 
compounds used in cancer therapy include cyclophospha 
mide, chlorambucil, melphalan, estramustine, iphospha 
mide, prednimustin, busulphan, tiottepa, carmustin, lomus 
tine, methotrexate, aZathioprine, mercaptopurine, 
thioguanine, cytarabine, ?uorouracil, vinblastine, vincris 
tine, vindesine, etoposide, teniposide, dactinomucin, dox 
orubin, dunorubicine, epirubicine, bleomycin, nitomycin, 
cisplatin, carboplatin, procarbaZine, amacrine, mitoxantron, 
tamoxifen, nilutamid, and aminoglutemide. Procedures for 
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employing these compounds against malignancies are Well 
established. In addition, other cancer therapy compounds 
can also be utiliZed. 

[0075] The teachings herein also contemplate treatment of 
a variety of viral diseases by administering an effective 
amount of a PARP-l inhibitor. The folloWing are merely 
examples of some of the viral diseases against Which the 
teachings herein are e?‘ective. There are a number of her 
petic diseases caused by herpes simplex or herpes Zoster 
viruses including herpes facialis, herpes genitalis, herpes 
labialis, herpes praeputialis, herpes progenitalis, herpes 
menstrualis, herpetic keratitis, herpes encephalitis, herpes 
Zoster ophthalmicus, and shingles. 

[0076] In another aspect, the teachings herein are effective 
against viruses that cause diseases of the enteric tract, such 
as rotavirus-mediated disease. In still other aspects, the 
teachings herein are e?‘ective against various blood based 
infections, such as: yelloW fever, dengue, ebola, Crimean 
Congo hemorrhagic fever, hanta virus disease, mononucleo 
sis, and HIV/AIDS. 

[0077] Another aspect of the teachings herein is directed 
toWard various hepatitis causing viruses. A representative 
group of these viruses includes: hepatitis Avirus, hepatitis B 
virus, hepatitis C virus, hepatitis D virus, and hepatitis E 
virus. 

[0078] In still another aspect, the teachings herein are 
effective against respiratory tract diseases caused by viral 
infections, such as: rhinovirus infection (common cold), 
mumps, rubella, varicella, in?uenza B, respiratory syncytial 
virus infection, measles, acute febrile pharyngitis, pharyn 
goconjunctival fever, and acute respiratory disease. 

[0079] Another aspect of the teachings herein contem 
plates treatment for various cancer-linked viruses, including: 
adult T-cell leukemia/lymphoma (HTLVs), nasopharyngeal 
carcinomas, Burkitt’s lymphoma (EBV), cervical carcino 
mas, and hepatocellular carcinomas. 

[0080] In still a further aspect, the teachings herein are 
useful in the treatment of viral-meditated encephalitis, 
including: St. Louis encephalitis, Western encephalitis, and 
tick-borne encephalitis. 

[0081] The PARP-l inhibitor can be administered alone to 
treat viral infections or in combination With an ROM pro 
duction or release inhibitor and/or a conventional anti-viral 
agent. When used in combination With an antiviral chemo 
therapeutic regime, a PARP-l inhibitor With or Without an 
ROM inhibitory compound, and optionally a cytotoxic lym 
phocyte activating compound are administered With an 
antiviral chemotherapeutic agent or agents. The doses, 
routes of administration and protocols for the use and 
administration of these materials can be the conventional 
ones, Well knoWn in the art. Representative compounds used 
in antiviral chemotherapy include idoxuridine, tri?uorothy 
midine, adenine arabinoside, acycloguanosine, bromovi 
nyldeoxyuridine, ribavirin, trisodium phosphophonofor 
mate, amantadine, rimantadine, (S)-9-(2,3 
Dihydroxypropyl)-adenine, 4',6-dichloro?avan, AZT, 3'( 
aZido-3'-deoxythymidine), ganciclovir, didanosine (2',3' 
dideoxyinosine or ddI), Zalcitabine (2',3'-dideoxycytidine or 
ddC), dideoxyadenosine (ddA), nevirapine, inhibitors of the 
HIV protease, and other viral protease inhibitors. 
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[0082] The teachings herein also contemplate using a 
combination of anti-cancer and anti-viral agents in conjunc 
tion With the administration of a PARP-l inhibitor. 

[0083] Although not intended to be limiting, it is contem 
plated that the methods herein protect lymphocytes from 
ROM-induced doWn-regulation. Alternatively, cytotoxic 
lymphocyte protection and activation can be accomplished 
by altering the mechanics of antigen presentation. One 
theory provides that monocytes/macrophages (MO) that are 
also antigen presenting cells (APC) are inhibited from 
presenting antigens to T-cells. This inhibition might result 
from MO metabolic pathWays dedicated to the generation of 
ROM that inhibit MO antigen presenting metabolic path 
Ways, producing mutually exclusive antigen presenting or 
ROM producing states in MO populations. A result of the 
inhibition of MO antigen presentation is that T-cell popula 
tions Would remain dormant in the absence of presented 
antigen and in the presence of ROM. 

[0084] Under this theory, administration of a PARP-l 
inhibitor With or Without an ROM production and release 
inhibiting compound, such as histamine, acts to increase 
T-cell activity by increasing antigen presentation. Mono 
cytes producing ROM can have a molecular sWitch throWn 
in the presence of a PARP-l inhibitor and/or bene?cial 
concentrations of histamine that results in a doWn regulation 
of ROM production and an increase in antigen presentation 
capacity. In the mutually exclusive metabolic state hypoth 
esiZed above, the doWn regulation of ROM production 
results in a subsequent increase in antigen presentation 
pathWays and thus antigen presentation. Accordingly, 
administration of a PARP-l inhibitor With or Without hista 
mine or other ROM inhibiting compounds in the presence of 
an antigen based T-cell activator, like a vaccine, Would serve 
to increase T-cell activity by decreasing ROM production 
and increasing antigen presentation. 

[0085] In an alternative theory, the administration of a 
PARP-l inhibitor With or Without a ROM inhibitory com 
pound, results in an increase in cytotoxic lymphocyte activ 
ity by removing ROM-induced cytotoxic lymphocyte inhi 
bition. The inhibition of cytotoxic lymphocytes is assuaged 
by the administration of a PARP-l inhibitor, Which acts to 
reduce cellular harm associated With apoptosis including the 
doWn regulation of lymphocytes by ROS. 

[0086] The examples discussed beloW apply the teachings 
herein and shoW that monocytes/macrophages, and particu 
larly MO-derived reactive oxygen metabolites (ROMs), 
e?‘ectively suppress the activation of human cytotoxic lym 
phocytes even after the in vitro administration of cytotoxic 
lymphocyte activation compounds such IFN-ot or IL-2. 
Furthermore, it is shoWn that the addition of a PARP-l 
inhibitor either alone or in combination With a ROM inhibi 
tory compound confers protection to cytotoxic lymphocytes 
When added to a mixture of lymphocytes and MO. 

[0087] In further embodiments, the teachings herein can 
be used to treat in?ammatory diseases. Examples of treat 
able in?ammatory diseases include, COPD (chronic obstruc 
tive pulmonary disease), Rheumatoid Arthritis, Crohn’s dis 
ease, lupus, septicaemia, meningitis, in?ammatory boWel 
diseases and atherosclerosis, for example. In?ammatory 
diseases that can be treated and/or prevented With the 
teachings herein are disclosed in Us. application Ser. No. 
10/171,018, ?led Jun. 11, 2002, to Hellstrand et al., Which is 
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expressly incorporated herein by reference in its entirety. 
The PARP-1 inhibitors can be used to treat and/or prevent 
these diseases by protecting tumorcidal lymphocytes and 
NK cells from apoptosis. Additionally, the ROM-inhibitors 
described herein, such as histamine, augment the activity of 
PARP-1 inhibitors in treating and/or preventing in?amma 
tory diseases by inhibiting the release of ROM. 

EXAMPLES 

[0088] Particular aspects herein can be more readily 
understood by reference to the folloWing examples, Which 
are intended to exemplify the teachings herein, Without 
limiting their scope to the particular exempli?ed embodi 
ments. 

Example 1 

[0089] Subjects With AML in a ?rst, second, subsequent or 
complete remission are treated in 21-day courses With IL-2 
(35-50 pg (equivalent to 6.3-9><105 IU) subcutaneously 
(s.c.). tWice daily), repeated With three to six-Week inter 
missions and continued until relapse. In cycle #1, patients 
receive three Weeks of loW dose chemotherapy consisting of 
16 mg/m2/day cytarabine, and 40 mg/ day thioguanine. Con 
comitantly, patients are injected subcutaneously With an 
effective amount of a pharmaceutically acceptable form of a 
PARP-1 inhibitor, 3-aminobenZamide. Additionally, the 
patients are administered an effective amount of a pharma 
ceutically acceptable form of histamine dihydrochloride to 
boost circulating histamine to a bene?cial level tWice daily 
(above 0.2 umole/L). Histamine levels can be continually 
boosted to bene?cial levels by administering histamine 
dihydrochloride by injection at 0.2 to 2.0 mg or 3-10 ug/kg 
tWice daily in a pharmaceutically acceptable form of a ROM 
inhibitory compound during the IL-2 treatment. Thereafter, 
the subjects are alloWed to rest for three to six Weeks. 

[0090] After the rest period at the end of the ?rst cycle 
(cycle #1), the second cycle (cycle #2) is initiated. TWice 
daily, injections of a pharmaceutically acceptable form of 
3-aminobenZamide and a ROM inhibitory compound in a 
sterile carrier solution are administered at 0.5 to 2.0 mg or 
3-10 ug/kg subcutaneously. Cytarabine (16 mg/m2/day s.c.) 
and thioguanine (40 mg/day orally) are given for 21 days (or 
until the platelet count is §50><109/ 1). In the middle Week, 
patients receive 0.2 to 2.0 mg or 3-10 ug/kg per injection 
tWice per day of a pharmaceutically acceptable form of 
histamine dihydrochloride to boost circulating histamine to 
bene?cial levels. At the end of the three Week chemotherapy 
treatment, patients receive 0.2 to 2.0 mg or 3-10 ug/kg per 
injection tWice daily of a pharmaceutically acceptable form 
of histamine dihydrochloride and 50 mg/ day of 3-aminoben 
Zamide for a Week. Thereafter, patients receive interleukin-2 
for three Weeks. Patients are permitted to rest for three to six 
Weeks. 

[0091] Thereafter, cycle #3 is initiated. Cycle #3 is iden 
tical to cycle #2. 

[0092] Alternatively, the treatment can also include peri 
odically boosting patient blood histamine levels by admin 
istering an effective amount of histamine dihydrochloride 
injected 1, 2, or more times per day over a period of one to 
tWo Weeks at regular intervals, such as daily, bi-Weekly, or 
Weekly in order to achieve a bene?cial blood histamine 
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concentration. Another alternative is to provide histamine in 
a depot or controlled release form. A reduction in cancer is 
observed. 

Example 2 

[0093] As detailed above, a signi?cant part of the dys 
function of tumor-killing lymphocytes at the site of malig 
nant tumor groWth has been attributed to inhibitory signals 
from tumor-in?ltrating or tumor-adjacent phagocytes. The 
phagocytes produce and secrete reactive oxygen species 
(“oxygen radicals”) via a membrane NADPH oxidase, and 
these phagocyte-derived radicals have been shoWn to trigger 
dysfunction and apoptosis in tumoricidal lymphocytes such 
as NK cells and cytotoxic T-cells. HoWever, the molecular 
events underlying phagocyte-induced lymphocyte apoptosis 
are not fully understood. The role of tWo enZyme systems 
responsible for induction and execution of apoptosis, 
caspases and the poly(ADP-ribose) polymerase (PARP) 
Were investigated. Human tumoricidal lymphocytes Were 
incubated With autologous mononuclear phagocytes or With 
exogenously added hydrogen peroxide, and assayed for 
apoptotic features at various time points. Although lympho 
cytes that Were subjected to phagocytes or exogenous hydro 
gen peroxide displayed apoptotic characteristics such as 
depolarization of the mitochondrial transmembrane poten 
tial, DNA fragmentation, binding of FITC-VADfmk, and 
Annexin V staining, they Were only partially protected by 
the addition of the pan-caspase inhibitor Z-VADfmk (100 
nM). In contrast, PARP-1 inhibitors, PJ34 (250 nM) or DPQ 
(3 uM) completely protected tumoricidal lymphocytes from 
phagocyte- or hydrogen peroxide-induced apoptosis and 
restored tumor-killing function. It is therefore believed that 
PARP-dependent cell death may be critically involved in 
phagocyte-dependent, oxygen free radical-induced cell 
death. 

Example 3 

[0094] Subjects suffering from Hepatitis C are identi?ed. 
Individuals are administered 100 mg/day of a PARP-1 
inhibitor, P134, intravenously for a period of three Weeks. A 
reduction in symptoms associated With Hepatitis C Was 
observed in the treated patient populations. Subjects Who 
received PJ34 exhibited a reduction in ROM-mediated dam 
age and increase in cytotoxic lymphocyte activation as 
compared to subjects Who did not receive a PARP-1 inhibi 
tor. 

Example 4 

Combination of a PARP-1 Inhibitor and ROM 
Inhibitory Compound With Chemotherapeutic 

Agents 

[0095] PARP-1 inhibitors can also be used in conjunction 
With ROM inhibitory compounds and chemotherapeutic 
agents to treat a neoplastic or viral disease. Monocyte 
mediated suppression can be eliminated by administration of 
an ROM inhibitory compound prior, during, folloWing or 
throughout chemotherapy in order to facilitate activation and 
protection of cytotoxic lymphocytes. 

[0096] Representative compounds used in cancer and anti 
viral therapies are described above. Other cancer and anti 
viral therapeutic compounds can also be utiliZed. Similarly, 
malignancies and viral diseases against Which the treatment 
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herein can be effective, and thus can be directed, are also 
described above. It should be noted that the amounts, routes 
of administration and dosage protocols for these cancer and 
antiviral compounds used are Well knoWn to those of skill in 
the art. The teachings herein are also directed toWard aug 
menting the ef?cacy of these compounds, and the therapeu 
tic results of their use. Therefore, the conventional method 
ologies for their use, in conjunction With the compounds and 
methods provided herein, are contemplated as sufficient to 
achieve a desired therapeutic e?fect. 

[0097] Subjects in need of enhanced cytotoxic lymphocyte 
activity, because of a neoplastic disease, and/or a viral 
infection such as hepatitis B (HBV), hepatitis C(HCV), 
human immunode?ciency virus (HIV), human papilloma 
virus (HPV) or herpes simplex virus (HSV) type 1 or 2, or 
other viral infections, are administered 250 mg/day of CEP 
6800, a PARP-l inhibitor. Additionally, subjects are admin 
istered human recombinant IL-2 (Proleukin®, Eurocetus) by 
subcutaneous injection or by continuous infusion of 27 
ug/kg/day on days 1-5 and 8-12. The subjects also receive a 
daily dose of 6><106 U interferon-0t administered by a suit 
able route, such as subcutaneous injection. This treatment 
also includes administering 0.2 to 2.0 mg or 3-10 ug/kg of 
histamine injected 1, 2, or more times per day in conjunction 
With the administration of IL-2 and/or interferon-0t. 

[0098] The above procedure is repeated every 4-6 Weeks 
until an objective regression of the tumor is observed, or 
until improvement in the viral infection occurs. The therapy 
can be continued even after a ?rst, second, or subsequent 
complete remission has been observed. In patients With 
complete responses, the therapy can be given With longer 
intervals betWeen cycles. 

[0099] The treatment can also include periodically boost 
ing patient blood histamine levels by administering 0.2 to 
2.0 mg or 3-10 ug/kg of histamine injected 1, 2, or more 
times per day over a period of one to tWo Weeks at regular 
intervals, such as daily, bi-Weekly, or Weekly in order to 
establish or maintain blood histamine at a bene?cial con 

centration, e.g., at a concentration above 0.2 umole/L. 

[0100] Additionally, the frequency of interferon-0t admin 
istration can be varied depending on the patient’s tolerance 
of the treatment and the success of the treatment. For 
example, interferon can be administered three times per 
Week, or even daily, for a period of up to 24 months. Those 
skilled in the art are familiar varying interferon treatments to 
achieve both bene?cial results and patient comfort. A reduc 
tion in viral infection or tumor mass is observed. 

Example 5 

[0101] As described above, the methods herein can be 
used to enhance the activation and protection of cytotoxic 
lymphocyte populations using various cytotoxic lymphocyte 
activation compounds that result in cytotoxic lymphocyte 
stimulation and/or activation. Examples of ROM inhibitory 
compounds include, Without limitation, NADPH inhibitors, 
HZ-receptor agonists, and H202 scavengers and inhibitors. 
To demonstrate the activation and protection characteristics 
of these compounds, lymphocytes (including NK-cells and 
T-cells) and monocytes Were isolated from donated blood 
and examined for the activation characteristics When 
exposed various cytotoxic lymphocyte activating com 
pounds, such as IL-2 and/or IFN-ot, vaccines, vaccine adju 
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vants or other immunological stimulator compounds, vari 
ous ROM inhibitory compounds, such as DPI (Sigma 
Chemicals, St. Loius, Mo.), histamine, and various H2O2 
scavengers, such as catalase (Boehringer-Mannheim, Ger 
many). 
[0102] Peripheral venous blood Was obtained as freshly 
prepared leukopacks from healthy blood donors at the Blood 
Centre, Sahlgren’s Hospital, Goteborg, SWeden, to study the 
activation characteristics of cytotoxic lymphocytes in the 
presence and absence of MO, and ROM inhibitors. The 
blood (65 ml) Was mixed With 92.5 ml Iscove’s medium, 35 
ml 6% Dextran (Kabi Pharmacia, Stockholm, SWeden) and 
7.5 ml acid citrate dextrose (ACD) (Baxter, Deer?eld, Ill.). 
After incubation for 15 minutes at room temperature, the 
supernatant Was carefully layered onto Ficoll-Hypaque 
(Lymphoprep, Myegaard, NorWay). Mononuclear cells 
(MNC) Were collected at the interface after centrifugation at 
380 g for 15 minutes at room temperature, Washed tWice in 
PBS and resuspended in Iscove’s medium supplemented 
With 10% human AB+ serum. During all further separation 
of cells, the cell suspensions Were kept in siliconiZed test 
tubes (Vacuette, Greiner, Stockholm). 
[0103] The MNC Were further separated into lymphocyte 
and monocyte (MO) populations using the counter-current 
centrifugal elutriation (CCE) technique originally described 
by Yasaka and co-Workers (Yasaka, T. et al., J. Immunol., 
127:1515) With modi?cations as described in Hansson, M., 
et al. (J. Immunol., 156: 42 (1996); hereby incorporated by 
reference). Brie?y, the sedimentation rate of cells in a 
spinning rotor Was balanced by a counter-directed ?oW 
through the chamber. By sloWly increasing the How rate, 
fractions of cells of Well-de?ned siZes Were collected. The 
MNC Were resuspended in elutration bulTer containing 0.5% 
BSA (ICN Biomedicals Inc., Aurora, Ohio) and 0.1% EDTA 
(V WR, Goteborg, SWeden) in bu?fered NaCl and fed into a 
Beckman J2-21 ultracentrifuge With a JE-6B rotor (Bech 
man Coulter Inc., Fullerton, Calif.) at 2100 rpm. A fraction 
With >90% MO Was obtained at a How rate of 19 ml/min. A 
lymphocyte fraction enriched for NK-cells (CD3_/56+ phe 
notype) and T-cells (CD3+/56_) Was recovered at How rates 
of 14-15 ml/min. This fraction contained <3% MO and 
consisted of CD3e_/56+ NK-cells (45-50%), CD3e+/56_ 
T-cells (35-40%), CD3e_/56_ cells (5-10%), and CD3e"/56+ 
cells (1-5%), as judged by How cytometry. In some experi 
ments, dynabeads (Dynal A/S, Oslo, NorWay) coated With 
anti-CD56 Were used to obtain puri?ed lymphocyte prepa 
rations of T-cells, as described in detail by Hansson, M., et 
al., incorporated above. 

[0104] Following fractionation, the lymphocyte mixture 
of T-cells and NK cells Was exposed to the various experi 
mental conditions described beloW and assayed for activa 
tion using the appearance of certain cell surface proteins as 
indicia of activation. 

[0105] Lymphocytes are identi?able by certain proteins 
Which reside on the cell surface. Di?ferent cell surface 
proteins reside on di?ferent classes of lymphocytes and 
lymphocytes in di?ferent stages of activation. These proteins 
have been grouped into CD classes or “clusters of differen 
tiation’’ and can serve as markers for di?ferent types of cells. 
Labeled antibodies, speci?c for di?ferent cell surface pro 
teins, that bind to the di?ferent CD markers can be used to 
identify the di?ferent types of T-cells and their respective 
states of activation. 
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[0106] CD3, CD4, CD8, CD69 and CD56 (an NK-cell 
marker) Were used to identify the cytotoxic lymphocytes of 
interest. The CD3 group of antibodies is speci?c for a 
marker expressed on all peripheral T-cells. The CD4 group 
of antibodies is speci?c for a marker on class II MHC 
restricted T-cells, also knoWn as T helper cells. The CD8 
group of antibodies recogniZe a marker on class I MHC 
restricted T-cells, also knoWn as CTLs or cytolytic T-cells. 
The CD69 group of antibodies recogniZes activated T-cells 
and other activated immune cells. Finally, the CD56 group 
recogniZes a heterodimer on the surface of NK-cells. 

[0107] FloW cytometry Was used to identify the various 
sub-populations of T-cells. FloW cytometry permits an 
investigator to examine a population of cells using a number 
of labeled probes to differentiate sub-populations Within the 
larger Whole. In these experiments, the CD3 marker Was 
used to identify the sub-population of T-cells and the CD4 
and CD8 markers Were used to further identify the sub 
population of T-cells into T helper cells and CTLs. The 
effects of MO exposure in the presence and absence of 
histamine and T-cell activation compounds Were determined 
using the CD69 T-cell activation marker. The expression of 
the different markers Was estimated in a lymphocyte gate 
using ?oW cytometry (as described in Hellstrand, K., et al. 
Cell. Immunol. 138: 44-54 (1991), and hereby incorporated 
by reference). 

Example 6 

ROS Released from Mononuclear Phagocytes or 
Exogenous Hydrogen Peroxide Induce Cell Death 

in Peripheral Blood Lymphocytes 

[0108] After overnight incubation With mononuclear 
phagocytes or hydrogen peroxide (V WR, Goteborg, 
SWeeden), end-stage oxidant-induced cell death in lympho 
cytes Was assayed using ?oW cytometry, based on the altered 
characteristics displayed by end-stage apoptotic cells, i.e. 
reduced forWard scatter and increased right angle scatter. 

[0109] In accordance With earlier studies, mononuclear 
phagocytes induced cell death in peripheral blood lympho 
cytes after overnight incubation. Hansson, M., et al. (1996) 
Jlmmunol 156, 42-7 and Thoren, F., et al., (2004) JLeukoc 
Biol 76, 1180-6. This process Was mimicked by exogenously 
added hydrogen peroxide and Was most likely mediated by 
reactive oxygen species (ROS) derived from the phagocytic 
NADPH oxidase as lymphocytes Were protected from 
phagocyte-induced cell death by antioxidative substances, 
such as catalase, histamine and DPI. 

[0110] Brie?y, lymphocytes Were incubated overnight 
With autologous mononuclear phagocytes in the presence or 
absence of catalase (200 U/ml), histamine (1001M) or DPI 
(3 uM). As illustrated in FIG. 1, phagocytes induced cell 
death in lymphocytes (p<0.001). This effect Was clearly 
mediated by ROS as lymphocytes Were fully protected by 
catalase, histamine and DPI (for all, p<0.001, n=4). 

Example 7 

Caspase-3 Activation 

[0111] Cell death has traditionally been divided into tWo 
forms: active programmed cell death, apoptosis, mediated 
by the caspase cascade Which orchestrates the degradation of 
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the cell Without release of toxic substances into the sur 
rounding tissue, and passive accidental cell death, necrosis, 
in Which cells rapidly lose plasma membrane integrity and 
are degraded in an uncontrolled Way. In recent years, it has 
become evident that apoptosis and necrosis are not alWays 
distinguishable, as dying cells can meet criteria for apoptosis 
and necrosis at the same time. Furthermore, recent data 
shoW that there are styles of programmed cell death in Which 
caspases are of minor or even no importance. Lockshin, R. 
A., Zakeri, Z. (2002) Curr Opin Cell Biol 14, 727-33 and 
Jaattela, M., Tschopp, J. (2003) Na! Immunol 4, 416-23. Cell 
death in neural tissue commonly folloWs caspase-indepen 
dent routes (Roy, M., Sapolsky, R. (1999) Trends Neurosci 
22, 419-22 and Cregan, S. P., et al., (2002) JCell Biol 158, 
507-17), and several studies have suggested caspase-inde 
pendent cell death in lymphocytes. Deas, O., et al., (1998) J 
Immunol 161, 3375-83, UZZo, R. G., et al., (2001) Biochem 
Biophys Res Commun 287, 895-9 and Pettersen, R. D., et al., 
(2001) Jlmmunol 166, 4931-42. 

[0112] To study the role of caspases for ROS-induced cell 
death in anti-neoplastic cells, lymphocytes subjected to 
phagocytes or hydrogen peroxide Were assayed for binding 
of a ?uorochrome-conjugated caspase-3 inhibitor. Brie?y, 
lymphocytes Were incubated overnight With hydrogen per 
oxide (250 uM) or ROS-producing phagocytes (Ph, ratio 
1:1) and then assayed for caspase activation using a Fluo 
rochrome-Labeled Inhibitor of Caspases (FLICA) assay. 
Lymphocytes Were incubated With a FITC-labeled caspase 

inhibitor (FAM-VADfmk, MP Biomedicals, Irvine, Calif.) 
for one hour according to the instructions provided by the 
manufacturer, and the percentage of cells With active 
caspase-3 Was determined using ?oW cytometry. Caspase-3 
activation Was also monitored using the ?uorogenic 
caspase-3 substrate PhiPhiLux (Oncolmmunin, Gaithers 
burg, Md.) according to the manufacturer’s instructions. The 
FLICA reagent traverses the membranes of all cells and bind 
to the active site of activated caspase 3. Thus, only cells With 
activated caspases Will retain the reagent and become ?uo 
rescent. 

[0113] As shoWn in FIG. 2, lymphocytes fatally exposed 
to oxygen radicals bound the ?uorochrome-conjugated 
caspase-3 inhibitor, suggesting that caspase-3 became acti 
vated during phagocyte-induced cell death. 

[0114] HoWever, despite caspase activation, pre-treatment 
With pan-caspase inhibitors, such as Z-VAD.fmk (Sigma 
Chemicals, St. Louis, Mo.) and Q-VDOPh (EMD Bio 
sciences, La Jolla, Calif.), failed to protect lymphocytes 
from oxidant-induced cell death. Brie?y, after overnight 
incubation With mononuclear phagocytes (Ph, ratio 1:1) or 
hydrogen peroxide (250 uM) in the presence or absence of 
P134 (250 uM), lymphocytes Were stained With a FITC 
labeled caspase inhibitor (FAM-VAD.fmk) and assayed for 
caspase activation using ?oW cytometry. As shoWn in FIG. 
3, phagocytes and H202 triggered caspase activation in 
ovemight-incubated lymphocytes. This event Was reversed 
by pretreatment of the lymphocytes with P134 (250 nM). 

[0115] The failure of pan-caspase inhibitors to protect 
ROS-exposed lymphocytes led to an investigation as to 
When caspase activation occurs during the apoptotic process. 
Lymphocytes Were subjected to phagocytes or H202 and 
assayed for caspase activation at different time points. It Was 
determined that caspase activation Was a rather late event in 

the apoptotic process (data not shoWn). 
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Example 8 

Altered Mitochondrial Transmembrane Potential 

[0116] Next, the intracellular events leading to oxidant 
induced cell death Were investigated. Brie?y, lymphocytes 
Were exposed to mononuclear phagocytes or hydrogen per 
oxide and assayed for various events associated With apo 
ptosis. TWo common events in apoptotic processes are 1) 
depolarization of the inner mitochondrial membrane (All'm) 
and 2) exposure of phosphatidyl serine on the outside of the 
plasma membrane. 

Depolarization of the Inner Mitochondrial Membrane 
(NP...) 
[0117] A Mitochondrial Membrane Sensor Kit (BD Clon 
tech) Was used to identify cells With altered mitochondrial 
transmembrane potential according to the manufacturer’s 
protocol. Lymphocytes With altered lI'm displayed an 
increase in green ?uorescence and a slight decrease in 
orange ?uorescence, Which could be detected using ?oW 
cytometry. 

[0118] Brie?y, lymphocytes exposed to hydrogen perox 
ide (250 uM) Were assayed for altered mitochondrial trans 
membrane potential and plasma membrane integrity at vari 
ous time points. The results are shoWn in FIG. 4A. 
Depolarization of the 1I'm is seen as an increase in green 
?uorescence (mitosensor monomers). As shoWn in FIG. 4A, 
lymphocytes treated With H2O2 started displaying altered 
II’ after 1 hour, and With time, more cells became apoptotic 
and eventually lost the integrity of the plasma membrane, as 
manifested by an increased To-Pro-3 (Molecular Probes) 
staining. PJ34 (250 uM) protected lymphocytes from oxi 
dant-induced alterations of II'm, While Z-VAD.fmk failed to 
display any signi?cant protective effect against H2O2 or 
phagocytes. As shoWn in FIG. 4B, lymphocytes incubated 
With mononuclear phagocytes started displaying signs of 
altered 1Pm after three hours. 

Extracellular Exposure of Phosphatidyl Serine 

[0119] FITC- or PE-labeled Annexin V (BD Pharmingen, 
San Diego, Calif.) Was used to identify lymphocytes that had 
lost the asymmetrical distribution of membrane phospholip 
ids and thus Were exposing phosphatidyl serine on the 
extracellular side of the plasma membrane. Loss of struc 
tural integrity of the plasma membrane Was monitored by 
adding the cationic dye, To-Pro-3 (1 uM) (Molecular 
Probes) right before the ?oW cytometry analysis. 

[0120] Extemalization of phosphatidyl serine to the outer 
lea?et of the plasma membrane Was a later event than A‘Pm 
and Was evident ?rst after 6 hours of incubation (data not 

shoWn). 

Example 9 

[0121] During the last decade, numerous reports have 
identi?ed the nuclear enzyme PARP-l as a key mediator of 
cell death in neural tissue after ischemia-reperfusion injury 
and glutamate excitotoxicity. Extensive PARP-l activation 
transmits a death signal to mitochondria. The nature of this 
signal is not knoWn in detail, but as a result, depolarization 
of the mitochondrial transmembrane potential occurs, lead 
ing to opening of high-conductance permeability pores and 
release of the mitochondrial protein apoptosis-inducing fac 
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tor (AIF) into the cytoplasm. Thus, PARP-l-mediated cell 
death is accompanied With a perturbation of mitochondria, 
resulting in the release of AIF into the cytosol. AIF is 
translocated to the nucleus, Where it induces DNA fragmen 
tation. Yu, S. W., et al., (2002) Science 297, 259-63. PARP-l 
activity is instrumental in various models of neural cell 
death, and accordingly, genetic knock-out of the gene encod 
ing PARP-l or pharmacological inhibition of PARP-l elicits 
neuroprotection in neural models. Eliasson, M. 1., et al., 
(1997) Nat Med 3, 1089-95, Mandir, A. S., et al., (2000) J 
Neurosci 20, 8005-11, and Yu, S. W., et al., (2003) Neurobiol 
Dis 14, 303-17 

[0122] To investigate Whether the PARP-AIF axis Was of 
importance in oxidant-induced cell death in lymphocytes, 
lymphocytes Were treated With the PARP-l inhibitors, P134 
and DPQ, before exposing them to phagocytes or H2O2. As 
shoWn in FIGS. 5A-5D, lymphocytes, pre-treated With 
PARP-l-inhibitors, resisted the oxidative stress imposed by 
phagocytes or exogenously added hydrogen peroxide. 

[0123] Brie?y, lymphocytes, pretreated with P134 (250 
nM), Z-VAD.fmk (100 uM) or medium, Were subjected to 
mononuclear phagocytes at different Mo/Ly ratios (FIG. 
5A) or to different concentrations of H202 (FIG. 5C). FIGS. 
5A-5D illustrate that PJ34 protected lymphocytes from cell 
death induced by phagocytes (FIGS. 3A and 3B, ratio 1:1, 
p<0.05) and hydrogen peroxide (FIGS. 5C and 5D, 250p.M, 
p<0.001). Z-VAD.fmk failed to protect lymphocytes from 
ROS-induced cell death. 

[0124] Inhibition of PARP-l prevented ROS-induced 
events, such as depolarization of the inner mitochondrial 
membrane, exposure of phosphatidyl serine on the extracel 
lular side of the plasma membrane, and caspase activation, 
the latter suggesting that caspase activation occurred doWn 
stream of PARP-l activation. 

Immunoblotting 

[0125] Nuclear extracts from lymphocytes Were prepared 
using a NE-PER kit (Pierce) according to the instructions 
provided by the manufacturer. After SDS Page and Western 
blotting, blots Were incubated With a polyclonal rabbit 
anti-AIF antibody (Santa Cruz Biotechnology) and a HRP 
conjugated goat anti-rabbit antibody (Dako) at optimized 
dilutions. 

[0126] AIF Was identi?ed as the doWn-stream executioner 
of PARP-l-dependent cell-death in an in vitro-model of 
excitotoxic neuronal death. Yu, S. W., et al., (2002) Science 
297, 259-63. Upon extensive PARP-l activation, AIF is 
released from mitochondria and translocated to the nucleus 
(Id.), Where it causes large-scale DNA fragmentation. Susin, 
S. A., et al., (1999) Nature 397, 441-6. To investigate the 
potential role of AIF in phagocyte-induced lymphocyte cell 
death, lymphocytes exposed to H202 Were harvested at 
different time points and assayed for nuclear AIF by use of 
Western blot. As shoWn in FIG. 6, nuclear extracts from 
HZOZ-treated lymphocytes displayed elevated levels of AIF 
compared to untreated control cells. 

Pulsed-Field Gel Electrophoresis 

[0127] Translocation of AIF to the nucleus has been asso 
ciated With large-scale DNA fragmentation. The observed 
accumulation of nuclear AIF after challenge With H2O2 led 
to investigation as to Whether large-scale DNA fragmenta 






